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(54) [%i;q(D«)»] »mm<ofmim 

.(57) [g^t;] 




Ojt 1:0 tjl 



i( 2) 00 1-172767 (P200 1-1 7pT8 



ii'-=Sr< tilocoSiaUXf^b'SrWi-^^'^*. i^U3 

k<zt mmt -timm 1 imc^um. 

I msm 3 ] mcr>fz>ibc^tmm^i^ o ^ ymmxh i 

[11*1141 mthmsmw^t^wbhxTm, 
I i-wx'mixh^-^'Qhi>mmitfd,t2WSi 

[^bi] 
H{OR). 

H(OR)„Y, ail) 

M,{OR);., (IV) 
Mx(OR)„Y,L, (V) 

V t T'J) o T i o T V i i < . 
fzHAX'h^. 

R\i. mt^mmx'h^. 2iii±oR*<j>sfc#{i5v^ 

{ell t -5 T t -o T V J: < . 

jSiHi ( ttz\m^<7ymi )X'h^. 

im-^mm'F^itixMm-^-i'i^^<7)H 

MVA'y'i'X'h'O. y{4s fe-^fCV^-g. U;^^yh'«^ia:?r 

[mm5] m^Mtfi7tm(omwm<7)im. 2m. 
sm. m. 5m. em. im. sm. m. 1 om. 

iimi^Kiii 2mizmi-itK ttdi^^^ym, t;u 

5r:>^A, i^Uay. y/i^-e-n^A, 4yi^ 

57, vT/iJ^ctii^Uyl-SfSiS^tSr^gltt 1-1.11 



1 ) mtm. 

3 ) m.m^^Wi'iA^m. 

4) ^iit'^^^mtm. 

5) uy^^rMbK«, 

6 ) bjS-S-WK^t**, 

7 ) -ir y-^W^-fbK* , Id J; V'/li 7t {i 

8 ) r;t-;i^^iMlykS 

t'j)5 t mmk-fhrnmAwmnm. 
lii^isio] 

1) r5yi.L<i4;KyT5y, 

2) t't'ji^'y. 

3) ifcSit'^§ix«.U;{fyH 

4) x-x;l'i>L<(4*.°'Jx-x;k t^c{4 

5) f-itx-T/wt t<^4^'J^:tx-ry^ 
-h. x;^T/K ^yy!^i=^;wh=^yy«S*. ;*t3 

2'^}±M^h\'cmisxhh^'t^'m.>i^hmm\^ 
fz\t2tm<vn'&. 

'yYx:hh^tmwt^hmm \ iffiitco^-ffi, 
[fi^ii 1 3 ] <m^fihm.mmif-d^%y i x-a 



(VI) 
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M-Xk (VI) 

fl&iOXtfilfcit:. fzttli^^y^ F ( F. C 1 . B 
'J:L-)\,tfz\U-'J^\'^-VX%h. ] 

[ mim 1 4 ] u±mmwr)v^Mt^'^. ±mf^ 

c mm. 1 5 1 ^i.zmcfhwm'i^kxzm&m 
mm^-th-nrnzii^^x. ¥Mwmi}.z^<nm^-k 
mu-io'mthmmmw^:. ii«3ii-i4ov^t' 
tdnzmrrHmzmi^x'sm^^. ^<r>mnmtkmr> 

[ 1 6 ] is«s^'fl:!}^fi(ic7)/f 1 ~ 2 0 s 
■cj)i>^t^!|f®i:-r.&if«Jii 5ieijco:^&. 

[ 0 0 0 1 ] ^%mt. ~mzw?-wm ( ald ) a 

<0=&a-.f t»^>nTV^|,Si^Sxh'^^i^- (ALE) 

a(4. ALcvDi"<offi,a^T'7>f y^yh'iixxr- 

COASM M i c r o c h e m i s t r y OyJ;0ffi 
ffiS#**il^JS^I:-^!|^)^ffli'^?tALDfttJ: DKtt 

YvWT.^- (MOSFET) \,Zii\-^X. S i 02$: 

tii^y- ymmt hxmith z t *«-c# ^j:^^mt 

*><^.T'fcl.. c:o|8lSS:lllje-ri.f^y>(c, SiOzS-J: 

[00031 +^«V^^^SrWi-|,«m^lSJ>«. 
Buiei^^eSlifrti: V 'J 3 y±izaTcoX 0 izmm^ix 



^1/C (tot ) =1/C ( i nsu 

I at o r ) + 1/C ( S i O2) ><Zl,fzti^r>X-^^M. 

i:m^^^htmzm\'^siOim^mmht\ hh 

x^-^\<zmm^^^hm^^titzmMmm^z'y 
t£.\\ -mt^m-%t^~m^'smzumixx\^ 

[0 0 04] 'y^}^yk.^'^}L<r)^Mzn\-^S\Q>^ 

mifti\-^^^. ^w.z%%mz:^m:^v--m.m'^% 
\,z'},-ti:\mii^-^<h(^\mmx:hh. Ltzifi->x. * 
mffmmi. s i 02S<oi?$3&i-s^*»zis?-'C'j>s 

S i - S i 02ffimT'J)SCi:*^'i>oi:t»SLV\ 

[ 0 0 0 5 ] ^-y 3 y±tcK<l:l?!i!i*«iati.^^, 
'J 3 >affl{4i!'(i:t-i.i«[6i*^"3i 0 . W-t^'h s i 02I 
imm-h, i^'^^y<m-im. mumx-mm^ni 

c^mzx h ^J<nx:hh^^'m.^fhh. m^^iifzwk 
'mm}^m\.zs i 02 i 0 h's.'&ji^mmM 

(fZrOj, Hf O2., AI2O3) iS-ftti* 

wmx:^m^Kx\^h^M(r>wM\zi.',x<^7m^ 
-u. ^^i)^hxuti^+^mSiX'nhtihm^. m 

mizmw^tLhTh^ 0 , 

[0006] ALD (ALE, ALCVD) {4, Mlli 
*ll!ttrfm4 0 5 843 0-^*»^>^«IO^]lEfttfflV^ 

siSftT'j)!.. i}^>mmi>ztsK^xti. mmtmm 

mRmzi:'oxmmi:im^'iti. ^tit>,cr,mi. m 
mtd±%^t^^fzmmi:Rm^'^izm^MLxmK) 
a^. i}^i)^im^m<r>Jvi'Xcomizr-2^:^xx'K!m 

i:m^t&ZblzJ:'oXnhtL& (T. Suntol 
a, Thin Solid Films 215(19 
92)84;Niinisto et al., Ma 
terials Science and Engin 
eeringB4 1 (1996) 23). mmmi 

mmmzx-yXf&mhcrtT. mms.m^ 
ti. i}-i)-ii^izKm-^^ i')\^com^x'm&^:mmt^ 
<DiiiEmt^-:>mm'hi. ALDm-imitzmii. iz- 
^ mmmm^x'i.-^mzhti'yxm&iii^Th 
0. ^(^m-^mmix^^h, 
[0007] ALDiza^-^xmit^nnx-mm^tih-^ 
mwmmi. ^<cr)mm^w,it-^'^x'h^ . mz)\a 

;K i^^n^y^V:i.-}V (^]x(f , M L e s k e i 
a and M. Ritala, Journal d 
e Physique I V 9 ( 1 9 9 9 ) P r 8-8 
37;Niinisto et al.. Mater 
iais Science and Engineer 
ing 84 1 (1996) 2 3) . et>-^tCfiEffl 



!(4) 001-1 72767 (P200 1-17pT8 



[ 0 0 08 1 mm±mmmt7U(r>mm<7)m^ 

M(OR). + a/2 H^O ■» MO^ + a ROH, (I) 

[00 0 9] i^t'. Mli^m^^L. WiMb**. 

m^^^-th. t*^L, ca«±ALDat'{ia*t<'5: 

^-a:^:<^{f. ^mtizi-oxmhrnw^wt-im 

[00 10] D r o z d f>{i:^iOffe:5:ti5V'>-C. i^V^ 

hU^^;i'T;i'5-'>A (A 1 (CH3) 3) t<o^Ojg 
UVVMzm tX . T;W 5 -'^ AK^Lft fc ^ n AM-ftl) 
*>^> ^I.K'ft;!!!!! ^4^1-|> A L D&^iefJ LT V ^1. 
(Drozd et al., Applied Sur 
face Science 82/83(1994)5 

87) « L*^L^*^'<b. mm-m^m^^vmm 

0 orJ; 0(Kv«-C»IMtt'J>0. !tttc5 0 
[0011] *I^B3<DS6D{4. ^M*SltiW'tl5l-tl.r>g0 

(t s ^ jsic^ V ^-r 5 ^ < 0t t V ^ s - i: -c 

[0012] *^Bfl{4. ALDffitCfcV^-C, ^WtC^^ 

I.. A>«-^i?*jifct-c{4. mwrn-ii-^w^zm^hx 

^yY^±^. ^WM=f-t^^^^-^\^X\^h^-^W 

x^ piffli^ti: , ^wm-^mm-M^ i mmm 

[0013] ■^%mzi.-oXt^^j:n<^nM,if%^ii^^ 

mitcox 0 iz^Bcom.mmm^'^&i^tix o ^j:m 



m^nx\^t, Lfzifi->x . f^itMm^'^<r>^n±^ 
[0014] ^^mcoifmzx-yxmwz^^^-^ 

Xhif. l^^f.fVhft'Om. 1~2A. ASWWi 
0. 5-1 . AkX'hh. 

[0015] m.mmzx mntfzm<^m.\i. flu 
(r)-}jmzx '>xm.Lfzm(^'m^zm'fh h<ox'h 

x.v^ V'dc-y xmAz-\-^ti:%^<ryx:hh . 
[ 0 0 1 6 ] OT. gs#c7)^7 7S:fflv^-C*5|BBSrJ; 0 
PMItClMBStl.. mti. Ti (OCH(CH3)j)4 

11214, Ti (OCH (CH3) 2)4 ^^V^XB#^C0W^ 
i;fCZr/(Zr + Ti) ffl^it*3 J;i;flg«S«S(EDX 
ai:J:-:.Tffl^§tiS) Sr^n-t. 

[0017] wmn-nmzi ^x. a^^affiitit 

X. g^^fc{4x^-;i/&ffia-ri>^t*^«g'C'$)i). * 
mmVi (.mmm -^Aaw (GaAs)t}j:t^j^'j n 

{4, m\tsmam.±\^<ts:\^if . mh(m%m^^'& 
wrchh, \,fdfi'^x.im9i<mt.\.\^%mzi.fi 
htz^^z^m^iih. 

[0018] ki.D'mm&zud^'^x. mkm% 

{4, i^x)^^fz\t%\'c^iifiMM^'mX^ViWizm 

[00 193 wm<r>--mmzii\^x . 
mwMwrjm^i\.h)i%^z. %\t'^Kfzimifim(n 
mwyji^tn t ras-r ixo ^sv ^sg-c, t tdm^ 
i}i^cr>ttmt^tti}^^d:<^yfmizii\''^x^U0m^ 

ic, trzum^mmmmthM^mimz^i^^ 
<^j:^Xoi>zt'^^X'h^> itzt^-ox. ^sr;W3df 

V KfcratT{4, :^mi. m 0 0-6 0 O'CX. M 
tt<(4**j2 5 0~5 0 0r-C\ ^Ti3iXl)i:*'^a'^fc2: 

[0020] ALDmi>zi3\^xmm^tLhWMiz-?\^x 
mmtifzmmMt^Miizmth. t\'^oztm 
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[0021] :$:?mb<rmmizt5\^x . "^SMm" t 

mm'p^zhmmmMi. "mmm" tit. m 

mm'i*iz±m^b tx^^ti t\.^ozt ^zmMt 

z(n^\,zii\^x^mm\^xmtMz^j:h. 
[0022] "^m^b-^tt" tii. ^m<^i\L-^iii. 

w t,z\t7mm'm.^zm^^ix^±mmx'^j:< . 

[0023] ^m^zmth m o . "-9-^ t tdi 
I 

M,(OR), 

1 1 

M,(OR),.,Y, 

M,(OR),L, 

M,(OR)a.zYzL, 

[oo26]±ie^i I-v^:fcv^•c. ma. jmm 
mff)hi>^t^m. ^^^maxr/i^vayx'h*). ns. 

i,zm-x'h')Xijm^'ox\<^xhx^^. x(i, mm^<D 
mm-tmiTh'o. 1.2, 3'tfzii4X'$)t. r 

J:v\ ati. ^^-^StJir/Zt/ittS/Unycoll 
•9. C:OJi^^^i3^,^Ta-z>0•C$)•S. Y(4. 
LJ4, *tt<O#jD!|l!l'J;!?yK-C'S)0, ^coili^O-^t 

[ 0 0 2 7 ] I I ~V{4«fl««05(irj>l> . ^^V'^/U 

Tli: , €^t)«4^ ^ V- . b y -7- S 3t {47^ h 5 v-co 

mmm(oivpACimmmizxmi, 2, s. 

4, 5, 6, 7, 8. 9, 10, 1 li/^{41 2Kmi- 

U'^A. Iti. h';^v;?.^7t:{4^Dzi'^A-C'J)-l., ttc. 

Lj^c*^'o-C, ^Ji{4, ^;t{f. 'J^-^A. •fhV'y 
^'JU'^A, :^JUi^^A. Xhuyi-^ 

A, ^y^y, •feU'^^A, r5-fe;tvA, ^t^^vA, r 

Dp<f-'>A, i?-Vli'!7A, 3-Dtr^A, 



m-^^m.ii7.x:m^. mM.mK%mz<mL. 

t9>-r#'iof^i5'5i:. K(r>wm<r>m^<mmxmAz}^ 
r.xm(r>mmkmmiti^t:>'km. 0 aj-rc: t i. , 
[0024] i?^s!^(4. mmfhm^mmAY.-^^ 

^i^V. =J^V^-h. h'J^h^t^-h. hn,-Kn;t^- 
HDV-^^^i^V-h. JiXT)V. ^Jy (^\,Zi!)VY 

x'hh. nm\,z. mt m^'j^^^j: < t t-ooa*>'^iB 
^z^^ix\^imi±m^\:-^immt:^zt i>-^mx 

[00 25] mt<ii. mmix^wmwMiTm: 
<r>it-^mx'h^. 

, (I I) 
(1 1 1) 

,(I V) 
(V) 

A. r;Ut''>A, 'JxrvJi^^M,. Tii>u^^A. x;|/t' 
n/A. ^yU'^A, -<-yT;wt''>A. >yU'>A. /urf-^ 

y., r^f--'^A, hU':7i>,, rnhr:?^::^'>A. 

A. ^jlU-^^A. >'n'-^'>J'^A. ;>!?;P*r:'>A. T-O 
x^-^M.. 7x;l/$'>A, ^yrVt'-^A. y-'^.'J 
i^A, n-l^yi/'^A, ^^J'-'^A, j/VWa-'^A. y^ 

i;:/t>'. i^y^'^rv. -^yiiy. x^'^^f-n^A. u 

ffi. SIS. ;«?H5'>Aifv:{4*ffiT'S)l.. 
[0028] -Mt{4. f-^-y. i^VUn-i^A. 

yN^-'^A, -;tA r/PS-'^A. v-Uny. 
^^:t->-'>A, AJVi^'^A. Xhayf-'>A. ^N'U'^A, 

IS. t'xvxi/>:{4^ -y h'J'^A. 4fc«4-eii'^>c^?I^ 
[00 29] ifit<t4. f-^y. >'>3:::'>A, ^y 
y, t;t:{4-?-*i4.<o?g-&!15!)oK'fl:t)&^:R§-ii-l>. -o 

<^|S|-<?5-fl:-^{4. |SIt^E«0V^<O*><0JS^*7t{4>'^ 
< o*^«O^^I>^EJI^ •?> .1 i: *^'-C'# I . 
tc, «::*cT-0ocD^S<I^, }5XV^^±X'Z-:>(Dm^j:l 
^Ji*-'$)^. L<<4. -o*/i{4Zoo^JiII^*i 

[00 30] R{4, mm^tix^^htfMmm^tLX\>^ 
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[003 1] immm tv«fcctn«. ^ffl^n 

tLX. 9y^)V^y^^\'^'yy^ (Ta(OC 

2H5) 5) , ^^yrh7^vra;K^i/h' (Ti (O 
CH (CH3) 2) 4) . 7yl/5-'^AhUxhdrxH 

(Ai (ocjHb) 3) i5j;t/T;ws-'^AbU-^y 

ro;K^$^H(Al (OCH(CH3)2)3 )ifimfh 
[00 32] 3(^1 I*3j;U^VtCj;l,<l:-&Wc7)'J;<^yH 

;K f\'a'fy\m. 75 77W3=lfi^H. 

wmmt u\ 

[0033] m^znt LC>Y(i;, 7 -y^tt), «^t,??!l, ^ 
, ;<f-;P, xf-;K 2, 2, 6. 6-Th7;'<f-;U- 

3, s-^r^'yi-'^^^-b, 1. 1, 1. 5. 5. 5 

-^^if7;P^n-2. b, 1. 

1, 1. 2. 2. 3. 3-'^r^y}ViC\3-l , 1-V 
^f-;P-4, b-^9^y~J^^—y^ 4, 4' - (X 
^'y-1, 2-^>'';K5b) h'x (^yh-3-xy 
-2-jr>') . '<y:$';<^;i^i^^'a^>':5'i^'x^;i', 

2, 4-'<.y^'i^'3r^^-b*:^!{41 , 1. l-bU7;P 

[ 0 0 3 4 ] it I Vfc ilA'VtcJ; S-(t.^*W(?)y F 
Ut. ( i ) m'cm. ( i i ) 
( i i i ) M^-S-^M-fk**, ( i V ) Aif-^is-Mm. 

( V ) u >-§r*^^bJ<*, ( V i ) b^^w^^l: 
tKS, (v i i ) -fe^y-^*^'fl:*«fc<J:z//i^c{4 
( V i i i ) TMV^^mV^%tmt Lv\ 
[00 3 5] ftt«F*tV^L{i:. ( a ) 75 ^t/^JiiK 
'J75y, <b)h't'Jvy. ( c ) Tia^-C'^^ii-S 

[^CS] 




(VI) 



b M(OR). + a M%, MbMV 



( d ) ,H(^}x.-f)V. ^jj-x-r/PtJtti^ 

yf->fx-f;i-t-J>l>« 

[0036] ALDrn-feJ^-ifTtMJS-KS^^tM 

\.z7}v^^ Ym^iizinm-m^tm^^fi 

h . m-^^^^'^mzth J: o ^:^m$rs#?t i. 

)V^-\t 104kcal/mol X'hh » 

[0037] mmmmzm'fh±mwM\i. 7m<r> 

mW^'^±MLtz\-^-fii<^^W,<Mc^'i^X'^i.^\ ^ 

i. h\'c^X'hh. 

M-Xfc (Vll) 
[0 0 3 8] iCVi I M' {4, ISfj^cOiot::, 7C* 
cr)IIW#*(OV^-f ix*»<^^Jai't«4*'>«i Jt«4i^ 'J 3 
yt'&O, b{4M' X(4*tt=i^SUv: 
U;&>h\ ;tti.tf>Noy'Wt.^% (F. CI, Br, 
I ) , TfV^fVr^ KNR2, 7/1^3^ 

)V. ttd^i^-'J^rVA^-VX-hh, XJ4fflSti|31-t 
L<(4M^-?TV^TtJ:V^, 

[ 0 0 3 9 ] »t L\m^^(nmmi-^mzi.')X^^t 
-mmzw^uy yim. mzmmxhi 

i)\ 4?t{47/W3^>'F*^fti>iifit<fflV^^>fLl.. 
[0040] *f6Bjco|| 1 (ont UWStlzXixii. A 

L D rn-tx'PX'. mmwMmx'^j: <m2 crymmm 
tlx. mmt^m^^it-^^ (m (or) 2) 

[^1:7] 



+ (a+b)RX (vm) 



^SMtM' {4, ffl2t|5l-4/d4^^:-5T^^Tt>J:V^ «7;l'3^$^HfcJ;y''^Sc07;l^Wl:^!l«!lt'$)-5T t 
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[0041] ^f^m<7)m 1 ff)wmi,zxtn£. m-^^tfi tar i 02 iiTm<7)^mmK!^iit Lx^M:-ti> . 

(O-O-)jTi(OR)^ + TiCl, -> (D-0-)2Ti(-0-)2TiClj + 2 RCl (DC) 



(£)-0-)jTi(-0-)2TiCij + Ti(0R)4 ^ (€)-0-)jTi(-O-)jTi(-O-)jTi(OR)j + 2 RCl 

(X) . ' 



Cit\ D-tS^WtSit^ (D-0-) 2Ti (-0 

-) zTi (-0-) 2Ti (OR) 2 =(D-0)2T 

i (OR) 2 ^g-t, -r^shh. mmm.mi^mLx 
i (-o-)2Ti {-0-) z (r>m.\,zX'>xmm- 

(E)-0-),Ti(OR)j + ZiCI, (D-0-)Ji(-O-XZiC)j + 2 RO 



mmti^^^x'% h.tzb i tjit/^x 1 1 i^z% 

oT. ZrCl, ^^Jiilf4i: LTfigffl-C'# . ^^J'yc^ 
[{b9] 



(XI) 



(O-0-)jTi(-O-)jZrCl, + TiC0R)4 ^ (D-0-)2Ti(-0-)jZi<-0-),Ti(0R), + 2 RCl 
(XH) 



[0043] :^^m(7)m3cr>m ummizxiiii. ± 

M(OR). + M(OR'X 2 MO.^ 

ZZX\ R' (4±IB5S:i I~V4'C0Ri;l5|-T-S>«.. R 
tR' {±ffl5tPl-TtM^^TV^Ti;J:v^« 
[0044] 3|s:^BBlC J: 1. 1 ocOStRKti, 2OC0^il 

[ 0 0 4 5 ] *^B3<0:fraica:|.m4tfO»* LVM 

Lfzy ^f\^AX'mhtix\^^m^. mcoirm. tztm 
mmmbixyKhKimmmm^mix. m 
i:W^tt. mimizx^x^^itiy^fi^j^ii. -e 
mmttzimmzx-^x. mmmmmtm-xh 
oTis^oTv^Ttiv^ :^mmizx^mmzxti 

[0046] ^^B^comscom u^mm^zxtm, li 



[<tlOl 



+ aROR' 



(XIII) 



^nLtztt. mMim^m^^hiio\<z. uhv 

[0047] HJfeWl 

Ta2 06J12:7P-SF-l 20ALER|GS(ASM Mic 
rochemistry OyS!)l^r2 7 5&t^3 2 S'CtiTfilcTg^ 

■It/^. fflV^^>tlitS«(4:^'>'^;P'><.y:^':J'n';H (Ta 

c \^) saf^y^'fV^y^JLV^i^Y (Ta (0C2H 

5) 5) •C-S)-5^c. Tap l6{4-?-ixS:9 0'ac. -etT 
Ta ( OC2H5 ) 5{4-etlS- 1 0 5'az^fl^ixMm- 
^ C i: J: -^TRJC^I^tCT^-fbS-tir^Co 

[0048] Ta2O5McO«:R{435i:tf0TaC Ij^^t/f 
Ta (OC2H5) 5WNVl/;?.t;:J;'9ALE7°p-fexcoM 
atta!-5Tll1t$n^c, ^'?;PX<o«8mS{40. 3 s 

(TaC I5) &1/0. 7 s (Ta (OC2H6) 5) X'h 

'>tz. iLx.^<mn^ui.^ix^'ixo. 2sm 

1 . 0 sX'hr>tc. it«?a«{42 7 SStXB 2 SECT'S) 
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Abstract 



PROBLEM TO BE SOLVED: To provide a method of growing an oxide thin film on a substrate. 
SOLUTION: In the method of growing an oxide thin film according to the principle of the ALD 
method where an oxide thin film is deposited onto a substrate by an alternating surface reaction 
of metallic raw material and oxygen raw material, the oxygen raw material to be used is 
composed of a compound of boron, silicon or metal having at least one organic ligand, and the 
oxygen is combines with at least one atom of boron, silicon or metal. 



